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•  Scientific  Goals  -  . 

_  ^-^BettOTTfrouahness  measurements 

•  Inverting  bottom  properties  using  noise 

•  Numerical  simulation  and  modeling 
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Direct-path  bottom  backscatter  measurement  (  Session  4,  8) 
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Scientific  Goals 

Hypothesis: 

Bottom  roughness  is  the  main  scattering  mechanism  in 
the  mid-frequency  (3-4  kHz)  range  at  the  ECS  site. 

Although  backscatter  measurements  are  many, 
there  is  a  lack  of  data  on  bottom  characterization  which 
prevents  direct  model/data  comparison. 

Goai: 

Modei/data  comparison  with  model  parameters 
measured  at  required  resolutions. 


Approach 


Using  ambient  noise  to  estimate  C,  p,  and  a  at  the  same 
frequency  range  with  cores  as  supporting  data  sets 

Using  IMP2  to  measure  bottom  roughness  at  the 
required  spatial  resolution 

Time-domain  simulation  of  bottom  backscatter  using  1  s* 
order  perturbation  theory.  All  simulation  parameters  are 
the  same  as  those  in  real  experiments 


HAARI  vertical  array  system  to  measure  bottom  scatter 


Background  Information 


ASIAEX  Phase  I  Stations,  1/10/01,  J.  H.  Miller,  URI 
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Using  ambient  noise  to  estimate  C,  p,  and  a  at  the 
same  frequency  range  with  cores  as  supporting  data 
sets 

Using  IMP2  to  measure  bottom  roughness  at  the 
required  resolution 

Time-domain  simulation  of  bottom  backscatter  using  1 
order  perturbation  theory.  All  simulation  parameters  are 
the  same  as  those  in  real  experiments 


HAARI  vertical  array  system  to  measure  bottom  scatter 


Channels 


Using  noise  to  measure  bottom  reflection  loss  |R(f,6)P 


Filtered  noise  data 


35r 


A  I  ^  tL.  iLmI.Ji  I  •  -  «  imJ.  ■  I  .  LiJ.  lii  u  i4x.  j  fcj  b,  ||„  LidJii  i  ii  h.  Ilj  J.  L  L  ib  I  -■  --J  l|  i^tb  il  1. 1  -t  -.w.  I- 


L  b,iJ,j  ■  1 


30 


25 


20 


15 


10 


^ ^  i' •  ‘ f -> \ f  w  ‘i-mMi f 4 -v' 

V  'V'rll^ Vf' *1  ^*f ^  f  \  \<'  ,  -..#lf  #.  *'  i^'IV  “M  '^>‘  M  ►  ■t^l'  >  (t  h*|'  't-‘-V.^\‘1|  1 11", f  f  "M  f ' 

>.ia  (ffj vitn  ‘  ^  /  v-1  t»fc*  ^ .‘ iJ,  '^h^^ ^  >1^  I'v  *  tn** <  ‘n'  v\ 

Y-  M  ^ V IJ Sif ‘v ^  ^  M  I  ^  ^t{Jf  t'lK-ii' 

ir^4  ^ri|t  Y«4¥^1.  ( w.*M.fti,i4i|*iii,  H  Hi(\^>.^h^fnf^>>i$li 

1  ^lAl f^*^v ^ Yf  W  *  -v^f  ‘'Hl‘ '  t*  » 1‘\h'  *  ft -wUlt^n  If  ^  iff '^YrTI  f <«|  r.1  *  Hi' 

V- 1  U  i4fniiy»'4fk^-|#tfU^irtirMA^f‘V*  r»^.| '^frMlh  <  'IH 

♦Ki'N'iiH'W'i  **  iM'fHii .•  (+5^/ .  n^,,., v,  i  ^iiq 

f -f 1-^  -*■»*  •ll  i  Vf f ( M'  ^  F  f  fJI  tl W  irYi.4w^,ll^f^^V41  IVr4|J#W*F  *.  "'tlfr^"'  fi  I  *U 

It  >^  ' M  vH  A  4i.i,K.i,^'^f i»f«w,1r  >^lh^fi  Vn  ^  ^ tj 

Vh^i  tMT^ff 1^ '  ,1 WNJ^.  ■I'VH  '>^  ’t '^'-^T-  N*  1(UV  ■  i^vl^F ^#b‘#¥\iT  JHY^i  ui  |l 

4^*111^^11^*  JTi.M^fl/.  I*V*'*>^ 

\4,'^iii^  .|<“",rlrii,.‘^tst^A»'  /t  t>'.|  >  'i^V  r 

Y|lv4W^»4MNuiv.r.M h  Ijl-iV  ^'»olMYr‘  ^»#iY“  l .  *•' '  ^ -i.;,'  |i|^  -1 4|  >f #4v'  Y.‘  Vii  ^ 

Hfit  ^^’Itii'  It  I  ■'  V*Y>iF^‘f  tj  ivr^e^  l*4f^f4^ 

M!r^l*lf\r^4+jY  v^  ^(1  Vi^'ffrWY^  |,f  H- ri. 

^[liht^ifH*>t'it^^  •‘iflT^ViM.f  l"'!'^’'  itf^'YV^||^l*«;>r^“^-ht^l^  '4(V' fiv  MP<I|'*I  l^f  1 

*)(|  V4^-rtl  Y^^  ^  irtl'fM^r 

f.iv.'.rtYWi»n  ,.'rr4*li  i  \yMli'4,',r^^u^^A%{•^  i^^ 

.WrMf  ,i4ffiKi^ *<*i *  4-4iVrf(  'Ml  ’.I'Vv  I .  -1^  f V.* tVi-^W^ ¥i  ^'4  .-#,1‘/'a  'I  Wl'  ||i^  i.VfFYfYtu^i^** 


If/  t^'i.  li^-a  v,< 


1 '  fAIK  4Vl  V'JIlAV.I"  ■"  If -D^' '  Mhf  ri«4*^nY 


0- 


-s 


1  ' 


'  '1  '  '  '  T 


0.05  0.1 


0.15 


0.2  0.26 

Thue 


0,3 


0.35 


0.4  0.45 


0.5 


(s) 


Bottom  parameters  estimated:  C,  p,  a 
Assumption:  Surface  and  bottom  scatter  is  small. 

Advantage  of  using  ambient  noise: 

•  Need  only  a  single  station. 

•  Passive. 

•  Provides  data  over  wide  frequency  band. 

•  With  a  moving  vertical  array,  provides  potential  for 

large  area  survey. 

•  Needs  no  knowledge  of  the  noise  sources. 

•  Has  potential  to  be  applied  to  range-dependent 
environments  since  the  array  is  sensitive  only  to  local 
modes. 


Dominant  Noise  Sources 


Beam-forming  to  find  incident  and  reflected  energy 


f- 1500Hz.  0  -60' 
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For  an  infinitely-long  array,  |R(0,f)|^  is  the  ratio  of  the  beams. 

•  Pt.  9  by  Furduyev  from  AKUSTIKA  OKEANA  in  Russian,  Ed.  Brekhovskikh. 

•  Flarrison,  C.  in  SACLANTCEN  uncertainties  workshop,  2002 

•  Tang,  D.  in  SACLANTCEN  uncertainties  workshop,  2002 


Directionality  (arbitrary  units) 


Beams  in  500  Hz  bands,  averaged 


over  60  half-seconds  segments 


Typical  Sound  Speed  Profile  at  the  ECS  site 


Mode  Amplitudes 


-0.2  -0.15  -0.1  -0.05  0  0.05  0.1  0.15  0.2  025  0.3 

Normalized  mode  function  amplitude 


Directionality  Directionality 


Model/data  comparison,  500  Hz  bands, 
100  realizations  using  Kraken 


Energy  RefIction  Coefficient 
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ASIAEX  2000  Sediment  cores 


p  =  1 .87  -  1 .92  g/cm3. 1 
attenuation  data  from 
cores.  (Miller,  URI  and 
Qi  of  SCSIO) 


longitude  (deg) 


Summary  on  noise  inversion: 

Sound  speed,  density,  and  attenuation  coefficient  are 
obtained  via  IRp  from  ambient  and  ship’s  self  noise. 

Sound  speed  results  are  consistent  with  core  results. 

Density  results  are  slightly  lower  than  core  results 
(loss  of  surficial  water  in  cores?). 

No  direct  measurements  of  attenuation  coefficient. 

Overall  inversion  results  are  encouraging  and  basic- 
research  level  experiments  are  needed. 

Because  all  sonar  performance  In  shallow  waters 
depends  on  surficial  bottom  geo-acoustics 
parameters,  using  ambient  noise  to  invert  these 
parameters  is  a  powerful,  fruitful,  and  convenient 
method 


Approach 


Using  ambient  noise  to  estimate  C,  p,  and  a  at  the  same 
frequency  range  with  cores  as  supporting  data  sets 

Using  IMP2  to  measure  bottom  roughness  at  the 
right  resoiution 

Time-domain  simulation  of  bottom  backscatter  using  1  st 
order  perturbation  theory.  All  simulation  parameters  are 
the  same  as  those  in  real  experiments 


HAARI  vertical  array  system  to  measure  bottom  scatter 


Conductivity  System 

The  IMP2  (2nd  generation  In  situ  Measurement  of 
Porosity)  is  designed  to  measure  seafloor 
roughness  and  sub-bottom  heterogeneity  with 
centimeter-scale  resolution  — -  necessary  to 
model  backscatter  at  3-4  kHz. 


IMP2  on  the  Melville  at  the  ECS  site 


-  Til 


Depth  (cm) 


Typical  Formation  Factor  from  One  Vertical  Profile 


Depth  (cm) 


Formation  Factor  and  Rough  Interface  from  3rd  IMP2  Deployment 


Video  picture  of  ECS  seafloor,  2^^  deployment 


Video  picture  of  ECS  seafloor,  3rd  deployment 


Estimated  spectrum  from  ECS  data.  It  will  be  an  input  to 

model  backscatter 


S1(k)  =  w^/k^i 
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HAARI  vertical  array  system  to  measure  bottom  scatter 


Direct-path  backscatter  model 
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HAARI  vertical  array  system  to  measure  bottom 
scatter  (Wang,  session  4, 8) 


Model/Data  at  3.5  kHz 


Summary  and  Discussions: 

With  contemporaneous  measurements  of  acoustics  and 
environmental  data  at  the  same  location,  model/data 
comparison  indicates  that  bottom  backscatter  in  the 
frequency  band  of  3-4  kHz  is  dominated  by  bottom 
roughness . 

Mode  of  operation: 

•  Scientific  hypotheses  to  be  tested 

•  Simulation  of  experiment  results  with  realistic  models 

•  Measure  parameters  which  are  required  inputs  to  models 

•  Experiment  data  analysis  -  confirmation  of  the  starting 
hypotheses  and  refining  of  understanding 


A  (debatable)  Statement 

It  is  the  environment,  s . 

It  is  the  acousticians,  not  geologists,  who 
should  take  a  lead  on  measuring  bottom 
geo-acoustic  parameters  for  underwater 
acoustics  applications. 


It  is  all  in  the  environment,  ... 

High  quality  measurement  of 

bottom  geo-acoustic  parameters 

is  key  to  understanding  shallow  water 

acoustics 


Data  will  be  available  to  all  interested  ASIAEX  scientists 

Caution  should  be  taken  when  extrapolate  mid-frequency 
environmental  data  to  low-frequency  applications 

Related  topics: 

Reverberation  simulation  in  the  time  domain  -  surface  and 
bottom  roughness  scatter 

Transport  theory  of  long-range  reverberation 

Estimating  reflection  loss  from  broadband  reverberation  data 
-  speculative 


